Introduction
The principal objective of the economic dispatch (ED) problem is to find a set of active power delivered by the committed generators to satisfy the required demand subject to the unit technical limits at the lowest production cost. Therefore, it is very important to solve the problem as quickly and precisely as possible [1, 2] . Therefore, recently most of the researchers made studies for finding the most suitable power values produced by the generators depending on fuel costs. In these studies, they produced successful results by using various optimization algorithms [3] [4] [5] . Despite the fact that the traditional ED can optimize generator fuel costs, it still cannot produce a solution for environmental pollution due to the excessive emission of fossil fuels.
Currently, a large part of energy production is done with thermal sources. Thermal power plant is one of the most important sources of carbon dioxide (CO 2 ), sulfur dioxide (SO 2 ) and nitrogen oxides (NO x ) which create atmospheric pollution [6] . Emission control has received increasing attention owing to increased concern over environmental pollution caused by fossil based generating units and the enforcement of environmental regulations in recent years. Numerous studies have emphasized the importance of controlling pollution in electrical power systems [7] .
Combined economic and emission dispatch (CEED) has been proposed in the field of power generation dispatch, which simultaneously minimizes both fuel cost and pollutant emissions. When the emission is minimized the fuel cost may be unacceptably high or when the fuel cost is minimized the emission may be high. A number of methods have been presented to solve CEED problems such as genetic algorithm [8] , artificial bee colony algorithm [9, 10] , analytical solution [11, 12] , particle swarm optimization [13, 14] , and biogeography based optimization [15] . This paper proposes a SA algorithm to solve the CEED problem. The performance of the proposed algorithm is tested on the standard IEEE 30-bus 6-generator test system. Numerical results obtained by the proposed approach were compared with other optimization results reported in the recent literature.
II. Problem Formulations
The economic emission dispatch (EED) problem targets to find the optimal combination of load dispatch of generating units and minimizes both fuel cost and emission while satisfying the total power demand. Therefore, EED consists of two objective functions, which are economic and emission dispatches. Then these two functions are combined to solve the problem. The EED problem can be formulated as follows [8] :
where F T is the total generation cost of the system, FC is the total fuel cost of generators and EC is the total emission of generators. 
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Economic Dispatch (ED)
The ED problem targets to find the optimal combination of power generation by minimizing the total fuel cost of all generator units while satisfying the total demand. The ED problem can be formulated in a quadratic form as follows:
where P i is the power generation of the ith unit; a i , b i , and c i are fuel cost coefficients of the i th generating unit and N is the number of generating units.
Emission Dispatch (ED)
The classical ED problem can be obtained by the amount of active power to be generated by the generating units at minimum fuel cost, but it is not considered as the amount of emissions released from the burning of fossil fuels. Total amount of emissions such as SO2 or NOx depends on the amount of power generated by until and it can be defined as the sum of a quadratic function as follows:
where α i ,β i and γ i are emission coefficients of the ith generating unit.
Combined Economic Emission Dispatch (CEED)
CEED is a multi-objective problem, which is a combination of both economic and environmental dispatches that individually make up different single problems. At this point, this multi-objective problem needs to be converted into single-objective form in order to fulfill optimization. The conversion process can be done by using the price penalty factor. However, the single-objective EED can be formulated as shown in equation (4) [8, 10] :
where h i is the price penalty factor, and is formulated as follows:
where P i max is the maximum power generation of the ith unit in MW.
2.4
Problem Constraints There are two constraints in the EED problem which are power balance constraint and maximum and minimum limits of power generation output constraint. Power balance constraint:
Generating capacity constraint:
where:
= Coefficients of transmission losses. The conditions for optimality can be obtained by using Lagrangian multipliers method and Kuhn Tucker conditions as follows [1] : 
The above equation can be solved iteratively to EED impose on the boundary of the generation and power balance equation as a constraint.
III.
Simulated Annealing Algorithm
Overview
Simulated annealing is an optimization technique that simulates the physical annealing process in the field of combinatorial optimization. Annealing is the physical process of heating up a solid until it melts, followed by slow cooling it down by decreasing the temperature of the environment in steps. At each step, the temperature is maintained constant for a period of time sufficient for the solid to reach thermal equilibrium. At any temperature T, the thermal equilibrium state is characterized by the Boltzmann distribution. This distribution gives the probability of the solid being in a state i with energy E i at temperature T as
where k is a constant.
Metropolis et al. [16] proposed a Monte Carlo method to simulate the process of reaching thermal equilibrium at a fixed value of the temperature T. In this method, a randomly generated perturbation of the current configuration of the solid is applied so that a trial configuration is obtained. Let E c and E t denote the energy level of the current and trial configurations, respectively. If c t E E  ; then a lower energy level has been reached, and the trial configuration is accepted and becomes the current configuration. On the other hand, if
the trial configuration is accepted as current configuration with probability proportional to exp (ΔE/T),
The process continues until the thermal equilibrium is achieved after a large number of perturbations, where the probability of a configuration approaches Boltzmann distribution [17, 18] . By gradually decreasing the temperature T and repeating Metropolis simulation, new lower energy levels become achievable. As T approaches zero least energy configurations will have a positive probability of occurring. The general algorithm of SA can be described in steps as follows:
Step 1:
Set the initial value of C p0 and randomly generate an initial solution x initial and calculate its objective function. Set this solution as the current solution as well as the best solution, i.e. x initial = x current = x best Step 2:
Randomly generate an n 1 of trial solutions in the neighborhood of the current solution.
Step 3: Check the acceptance criterion of these trial solutions and calculate the acceptance ratio. If acceptance ratio is close to 1 go to Step 4; else set C p0 = α.C p0 ; α > 1; and go back to Step 2.
Step 4:
Set the chain counter k = 0.
Step 5:
Generate a trial solution x trial . If x trial satisfies the acceptance criterion set x current = x trial , J(x current ) = J(x trial ) and go to Step 6; else go to Step 6.
Step 6:
Check the equilibrium condition. If it is satisfied go to Step 7; else go to Step 5.
Step 7: Check the stopping criteria. If one of them is satisfied then stop; else set k = k + 1 and C p = μ.C p ; μ < 1; and go back to Step 5.
Proposed SA
In all the existing SA algorithm based approaches for solving ELD problems, the real power generation of all generating units are considered as the decision variables that makes the size of the problem vary large, slow down the speed of these algorithms and hence not suitable for systems having larger number of generating units. In the proposed approach, the penalty factor λ of the classical λ -iteration is considered as the only decision variable irrespective of the number of generating units. The real power of all the generating plants are considered as the problem dependant variables and expressed as a function of λ. The real power generations are computed using (10) for each λ value obtained during the SA iterations.
The lower and upper limits of the decision variable-λ depend on the minimum and maximum power demands that the system can supply. The first step in obtaining these values is to compute the lower and upper incremental cost values by substituting the respective to real power limits in (10) for all the plants as
The next step is choosing the lowest and highest incremental cost value, obtained from (12), as the limits for λ. The SA searches for the optimal solution by minimizing a cost function. In the proposed formulation, the net fuel cost of all the generating plant is considered as the cost function. However, a penalty term is The number of decision variables in this formulation is always one, whereas the existing SA based approaches require the generation of all the plants as the variables. This reduction in decision variables will reduce the overall computational burden and improves the convergence rate. The algorithm of the proposed SA for solving the CEED problem is outlined. 1. Read the input data of the CEED problem 2. Set k = 0 3. Choose initial temperature T t , cooling coefficient α, number of iterations for each temperature N t and maximum number of iterations N max . 4. Choose a random start point λ 0 within the specified range 5. Repeat the following: a. Select a random point λ k from the neighbourhood of λ 0 within the specified range b. Solve (10) for P i while imposing the limits given by (8) c. Calculate 
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IV. Simulation Results And Discussion
In the study of experiment, SA algorithm is tested over standard IEEE 30-bus 6-generator test system as shown in Figure 1 . The parameters of all thermal units are presented in Table I , followed by B-loss coefficient [8, 10, 12] . The proposed technique is applied for CEED problem with load demands 500 MW, 700 MW, and 900 MW, respectively and it is compared with FCGA and NSGA-II [19] . Minimum fuel cost solution for CEED problem with all load demands are considered respectively in Table II, Table III, and Table IV . Minimum NO x emission effect solution for CEED problem with all load demands are considered respectively in Table V, Table  VI, and Table VII . The best compromise solution for CEED problem with all load demands are considered respectively in Table VIII, Table IX, and Table X . Summary of the results in Table II to Table X for the best completion of SA method compared with NSGA-II in order to reduce fuel costs, emissions, and power losses are shown in Table XI . After comparing the simulation results with the others method, it is obviously seen that proposed SA algorithm give more powerful results than other algorithms. 
V. Conclusion
In this paper, a SA algorithm has been proposed and successfully applied to solve the CEED problem. Simulation results show that the SA approach provides effective and robust high-quality solution. Moreover, the results obtained using SA are either better or comparable to those obtained using other techniques reported in the literature.
